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Abstract 

Background: Human bocavirus is a newly discovered parvovirus. Multiple studies have confirmed the presence of 
human bocavirusl (HBoVl) in respiratory tract samples of children. The viral load, presentation of single detection 
and its role as a causative agent of severe respiratory tract infections have not been thoroughly elucidated. 

Methods: We investigated the presence of HBoVl by quantitative polymerase chain reaction (PCR) of 
nasopharyngeal aspirate specimens from 1229 children hospitalized for respiratory tract infections. The samples 
were analyzed for 15 respiratory viruses by PCR and 7 respiratory viruses by viral culture. 

Results: At least one virus was detected in 652 (53.1%) of 1229 children, and two or more viruses were detected in 
266 (21.6%) children. HBoVl was detected in 127 children (10.3%), in which 66/127 (52%) of the cases were the only 
HBoVl virus detected. Seasonal variation was observed with a high HBoVl infection rate in summer. A cutoff value 
of 10 7 copies/mL was used to distinguish high and low HBoVl viral loads in the nasopharyngeal aspirates. High 
viral loads of HBoVl were noted predominantly in the absence of other viral agents (28/39, 71 .8%) whereas there 
was primarily co-detection in cases of low HBoVl viral loads (50/88, 56.8%). There were no differences in the clinical 
symptoms and severity between HBoVl single detection and co-detection. In cases of HBoVl single detection, 
the high viral load group was more prevalent among children with dyspnea and wheezing than was the low viral 
load group (42.9% vs. 23.7%, P = 0.036; 60.7% vs. 31.6%, P = 0.01 8). In clinical severity, a significant difference was 
recorded (25.0% vs. 5.3%, P = 0.003) between high viral load and low viral load groups. Of the HBoVl positive 
patients associated with severe respiratory tract infections, 10/18 (55.6%) patients belonged to the HBoVl high 
viral load group, and 7/10 (70%) patients had cases of HBoVl single detection. 

Conclusions: HBoVl at a high viral load is not frequently found in co-detection with other respiratory viruses, 
and a single detection with a high viral load could be an etiological agent of severe respiratory tract infections. 

Keywords: HBoVl, Viral load, Single detection, Severe respiratory tract infection, Children 



Background 

Human bocavirus (HBoV) was first described in 2005 in 
nasopharyngeal aspirates (NPAs) of children with re- 
spiratory tract infections (RTI). Although the prevalence 
of HBoV in humans has been studied in some regions, it 
has not been well addressed globally [1]. Nearly all 
prevalence studies have been done on respiratory tract 
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secretions from patients (predominantly children) with 
RTI, and prevalence rates of between 1.5% and 19% have 
been observed [2]. 

Our current knowledge of HBoVl infection suggests 
that the virus is sometimes a passenger and sometimes a 
pathogen in acute respiratory tract disease. Allander sug- 
gested a model for HBoV infection in which high viral 
loads are potentially associated with respiratory symp- 
toms, and low viral loads indicate asymptomatic shed- 
ding [3]. Jacques reported that HBoV at a high viral load 
could be an etiological agent of respiratory tract disease 
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[4]. The patients positive only for HBoV predominantly 
constituted the high viral load group, whereas most of 
the HBoV-positive patients with infection caused by 
other respiratory viruses belonged to the low viral load 
group [4-6]. Martin reported that HBoV positivity did 
not consistently correspond with the onset of respiratory 
illness, and its load did not correlate with the severity of 
illness [7]. Recent results obtained by quantitative real- 
time PCR suggest that high HBoV viral loads (defined as 
> 10 copies/mL) are frequently present as the sole viral 
finding for children admitted for RTI [4,5,8]. However, 
the role of HBoV as a causative agent in severe respira- 
tory tract infections (SRTI) is unclear. 

HBoV infection has recently attracted increasing at- 
tention all over the world. The incidence and clinical 
presentation of this infection varies widely, and often 
involves co-infection with other potential pathogens [9]. 
Respiratory syncytial virus (RSV) was the most prevalent 
pathogen associated with HBoV in all the studies [2,10-13]. 
Such characteristics have led to debate over the role of 
HBoV as a true pathogen. Therefore, additional evidence 
and studies are needed throughout the world to gain a bet- 
ter understanding of this virus. We investigated whether 
HBoVl at a high viral load increases the severity of RTI 
and whether co-detection with HBoVl and another respira- 
tory virus or viruses increases the severity of concurrent 
viral detection. We study the prevalence of HBoVl and the 
genome of the HBoVl load in respiratory tract specimens 
from children hospitalized for RTI to investigate the 
association between HBoVl detection and SRTI. This 
article might increase our understanding of the role of 
HBoVl in SRTI. 

Methods 

Study subjects and sample collection 

Between December 2009 and August 2013, we recruited 
1229 children with RTI (the clinical systems included 
cough, expectoration, tachypnea, and wheezing) from the 
Department of Respiratory Medicine at the Children's 
Hospital of Chongqing Medical University in China. NPAs 
were collected when the patients were admitted to our de- 
partment. The specimens were kept at 4°C for a maximum 
of 4 h and stored at -80°C until further processing. This 
study was authorized by the Ethics Committee of the 
Children's Hospital of Chongqing Medical University. 
The guardians of the patients signed informed consent 
forms for participation in this study and for the publica- 
tion of individual clinical details. 

Diagnosis of SRTI 

SRTI was assessed according to respiratory failure con- 
firmed by an abnormal blood gas analysis result (based on 
the potential of hydrogen, partial pressure C02, partial 
pressure 02, an oxygen saturation level of approximately 



90% or less and the need for oxygen therapy) or by being a 
patient in intensive care unit (ICU) for mechanical ventila- 
tion treatment [14]. 

Virus isolation 

Viral culture was performed for 7 respiratory viruses for 
all samples: adenovirus (ADV), influenza virus A and B 
(IVA and IVB), parainfluenza virus types 1-3 (PIV1-3) 
and RSV [15]. Human epidermoid carcinoma Hep-2 
cells were maintained in Dulbecco Modified Eagle's 
Medium (DMEM) supplemented with 10% fetal bovine 
serum (FBS), 50 U/mL penicillin and 50-g/mL strepto- 
mycin (from Invitrogen, Carlsbad, CA). The cells were 
seeded and cultured to 70 to 80% confluence, and the 
clinical specimens were inoculated in the Hep-2 cells 
and cultured for 2 h. Next, the inoculum was aspirated 
and the Hep-2 cells were washed twice with phosphate 
buffered saline (PBS) and re-fed with fresh DMEM sup- 
plemented with 2% FBS. The cells were scraped when 
the cytopathic effect (CPE) involved at least 75% of the 
Hep-2 cell monolayer, after which the virus-cell suspen- 
sions were collected, aliquoted and stored at -80°C. If 
the cells showed no CPE after being cultured for 7 days, 
they were scraped, and the cell suspension was collected 
for a second inoculation. For CPE positive samples, virus 
nucleic acids were extracted from the virus-cell suspen- 
sions and nested PCR was used to confer what virus(es) 
were there (the methods were mentioned as follows). 

Means of diagnosis for 15 respiratory viruses 

The viral DNA and RNA were extracted from 200 uL al- 
iquots of the NPA samples using the QIAampMinElute 
Virus Spin kit (Qiagen, Hilden, Germany). The RNA was 
applied as the template for cDNA synthesis using the 
Superscript III First-Strand Synthesis System (Invitro- 
gen, California, USA). The DNA and RNA extractions 
and cDNA products were used for subsequent testing of 
15 respiratory viruses. All the samples were analyzed 
using a commercial detection kit (TaKaRa Biotechonol- 
ogy, Dalian, China and Applied Biosystems, California, 
USA), according to the manufacturer's instructions. The 
15 respiratory viruses detected were as follows [3,16-18]: 
RSV subtypes A and B (RSVA, RSVB); IVA, IVB, influenza 
virus C (IVC); coronaviruses (CoV-229E, CoV-OC43), 
metapneumovirus (MPV), PIV1-4, rhinovirus (RV), HBoVl 
and ADV. Real-time PCR was used to detect RV and 
HBoVl. Nested PCR assays were used to detect RSVA, 
RSVB, IVA, IVB, IVC, CoV-229E, CoV-OC43, MPV, PIV 
1-4 and ADV. 

Real-time fluorescence quantitative PCR for HBoVl 

Amplification of HBoVl DNA by real-time quantity PCR 
was performed with the NS1 primers and probe [19,20]. 
The plasmid amplified target fragment was cloned into the 
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pMD19-T vector (TaKaRa Biotechonology, Dalian, China) 
and verified by sequencing. Plasmid DNA concentrations 
were detected with an ND-1000 spectrophotometer (Nano- 
drop). Real-time fluorescence quantitative PCR was carried 
out in a total reaction volume of 20 uL consisting of 10 uL 
of TaqMan Universal Master Mix (Applied Biosystems, 
California, USA), 0.6 uL (0.6 mM) of each primer, 0.6 uL 
(0.3 mM) of the probe, 2 uL of template and 6.2 uL of 
double-distilled water. The real-time PCR thermal cycling 
reaction and quantitative measurement were performed 
in a StepOne Real-Time PCR instrument (Applied 
Biosystems, California, USA) using the following condi- 
tions: one cycle at 50°C for 2 min, one cycle at 95°C for 
10 min, 40 cycles at 95°C for 15 s, and one cycle at 60°C 
for 1 min. Each run included plasmid and negative con- 
trols. Standard precautions were taken throughout the 
PCR process to avoid cross-contamination. Negative 
controls and serial dilutions of the positive controls 
were included in every PCR assay. 

Statistical analyses 

The statistical analyses were carried out using the SPSS 
17.0 software package. The categorical variables were 
compared using the Chi-square test, and the continuous 
variables were compared using Students £-test or the 
nonparametric Mann- Whitney U-test. P-values <0.05 were 
considered to be significant. 

Results 

Demographic and viral findings in children with RTI 

During the successive 3.5-year period, 1229 patients with 
RTI were included in this study. The median age of 
the children was 8 months, varying from 1 month to 
203 months, of which 63.1% of the patients were under 
12 months (41.9% patients <6 months), 15.6% of the pa- 
tients were between 1 and 2 years, 15.2% of the patients 
were between 2 and 5 years, whereas 6.0% of the pa- 
tients were older than 5 years of age. Among the pa- 
tients, there were 834 boys and 395 girls, and the sex 
ratio was 2.1:1. A potential viral pathogen was identified 
in 652 (53.1%) children (Table 1). For 1229 patients, 
PCR screening was performed for all 15 viruses and 
viral culture was performed for 7 viruses. The PCR re- 
sults were positive for >1 virus in 652 (53.1%) children. 
The viral culture results were positive for >1 virus in 
288 (23.4%) children. Notably, 266 (21.6%) of the pa- 
tients had positive test results for > 2 viruses. 

Seasonal distribution of HBoVI 

Between December 2009 and August 2013, 127 patients 
(10.3%) tested positive for HBoVI in the NPAs. HBoVI 
was the only virus detected in 66 patients (5.4% of all 
the patients and 52% of the HBoVI -positive patients). 
The pathogen spectrum is shown in Figure 1. Seasonal 



Table 1 Viral etiology of respiratory infection in 1229 
children with respiratory tract infections 



Viruses No. (%) of children No. (%) of children infected 

infected with virus with virus as sole agent 



Rhinovirus 


318 (25.9) 


105 (8.5) 


Respiratory 
syncytial virus A 
and B 


197 (16.0) 


112 (9.1) 


Human bocavirus 
1 


127 (10.3) 


66 (5.4) 


Parainfluenza virus 
types 1-4 


44 (3.6) 


1 2 (1 .0) 


Adenovirus 


88 (7.2) 


47 (3.8) 


Influenza A, B, and 
C viruses 


34 (2.7) 


24 (2.0) 


Coronavirus types 
OC43 and 229E 


18 (1.5) 


9 (0.7) 


Human 

metapneumovirus 


19 (1.5) 


11 (0.9) 


Patients infected 
with > 2 viruses 


266 (21.6) 


/ 


Patients infected 
with > 1 viruses 


652 (53.1) 


386 (31.4) 



NOTE: Human coronaviruses, parainfluenza virus type 4, rhinovirus, human 
metapneumovirus, and human bocavirus 1 were studied only by PCR; 
respiratory syncytial virus, parainfluenza virus type 1-3, adenovirus, and 
influenza were studied by viral culture and PCR. 



variation was observed with a high HBoVI detection 
rate in summer. The seasonal distribution of HBoVI and 
the positive rate in each season are shown in Figure 2. 

Quantitative analysis of HBoVI DNA in the NPAs 

The genome viral loads in the NPAs ranged from <500 
to 3.8 x 10 11 copies/mL of the sample material. The viral 
loads were assigned to 2 non-overlapping populations: 
one group of 39 samples with a high viral load (> 10 7 
copies/mL) and the other group of 88 samples with a 
low viral load (<10 7 copies/mL). The median levels of 
the HBoVI DNA genome in the respiratory samples 
were higher in the patients with a single HBoVI detec- 
tion than in the patients with a mixed respiratory viral 
infection with HBoVI (1.95 x 10 6 copies/mL vs. 3.3 x 
10 5 copies/mL, P = 0.195) (Figure 3). 

HBoVI co-detection with other respiratory viruses 

HBoVI was a mixed detection in 61 patients (48% of the 
HBoVl-positive patients). Of the mixed detection cases, 
the most frequently found concurrent co-detection with 
HBoVI were RV (in 37 children), followed by ADV (in 
16 children) and RSV (in 13 children). When the clinical 
symptoms and severity were compared, no difference 
was found between HBoVI single detection and co- 
detection (data not shown). In the high viral load group, 
71.8% of the RTI patients were detected as having 
HBoVI single detection whereas 28.2% of the patients 
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Figure 1 Pathogen spectrum of 1 229 patients hospitalized 
respiratory tract infections. 



with 



had HBoVl co-detection with another virus. In the low 
viral load group, 43.2% of the patients had HBoVl single 
detection, and 56.8% of the cases were HBoVl co-detection 
with another virus. When compared with HBoVl-negative 
persons, there was a significant difference between 
the patients with HBoVl single detection and the co- 
detection group at an HBoVl high viral load with P = 
0.017 (Table 2). These results indicated that HBoVl at 
a high viral load was not frequently co-detection with 
other respiratory viruses. 

Association of HBoVl and SRTI 

An HBoVl low load was found significantly more fre- 
quently than was HBoVl with a high viral load in chil- 
dren. Of the HBoVl single detection occurrences, a high 
viral load was more prevalent among children with dys- 
pnea and wheezing than was a low viral load (42.9% vs. 
23.7%, P = 0.036; 60.7% vs. 31.6%, P = 0.018). In clinical 
severity, a significant difference was recorded (25.0% vs. 
5.3%, P = 0.003) between the high viral load and low viral 
load group (Table 3). We analyzed 18 HBoVl -positive 
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Figure 2 Seasonal distribution of HBoVl and the positive rate 
in each season. 
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Figure 3 Distribution of the HBoVl loads among 127 
nasopharyngeal aspirate samples that tested positive for 
HBoVl. Each sample is represented by a single dot. The dotted line 
indicates the cutoff between the high and low HBoVl load groups 
discussed in the text. The comparison in the mean viral load 
between HBoVl high and low viral load groups were conducted by 
nonparametric Mann-Whitney (7-test. 



patients who suffered from SRTI to study the association 
between HBoVl and SRTI. Fourteen children had a 
diagnosis of severe pneumonia, 3 children had severe 
bronchiolitis, and 1 child had plastic bronchitis. Ten of 
18 (55.6%) patients had a high HBoVl load and only 3 
of 10 children had other co-detected viruses, whereas 7 
in 10 children with HBoVl single detected were diag- 
nosed with SRTI. The other 8 children who were diag- 
nosed with SRTI had a low HBoVl load. Among these 8 
children, only 2 children were with HBoVl single de- 
tected, whereas the other 6 children were co-detected 
with ADV, RSV or RV. HBoVl single infection was more 
prevalent in the children with a high viral load than in 
those with a low viral load (70% vs. 25%) in the severe 
cases. 

The clinical data of children of HBoVl single detection at 
a high viral load 

There were 7 children with HBoVl single detection and 
a high viral load who had severe pneumonia or bron- 
chiolitis. The demographic and clinical characteristics 
are shown in Table 4. The median age of the patients 
was 9 months (range, 3-22 months). Among the pa- 
tients, there were 3 boys and 4 girls. The median hos- 
pital stay was 8 days (range, 5-33 days), and the median 
duration of symptoms before admission was 4 days 
(range, 1-15 days). Underlying conditions included con- 
genital cardiac condition, pulmonary conditions, primary 
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Table 2 The distribution of patients by the presence of 
HBoVI, the viral load in the NPAs, and the presence or 
absence of other viruses 

No. of patients 

Patient group No - ( % ) °f children No. (%) of children pa 

with other virus with no other virus 





detected 


detected 




HBoVI -positive 
patients, viral load 


61 (48.0) 


66 (52.0) 


1.00 


>10 7 copies/mL 


11 (28.2) 


28 (71.8) 


0.017 


<10 7 copies/mL 


50 (56.8) 


38 (43.2) 


0.097 


HBoVI -negative 
subjects 


525 (47.6) 


577 (52.4) 




All subjects 


652 (53.1) 


577 (46.9) 





NOTE: a "Compared with HBoVI -negative persons; determined by the 
Chi-square test. 



immunodeficiency or prematurity (<37 weeks), anemia 
and malnutrition. All the children had cough and dys- 
pnea, 5 had fever and wheezing, 3 had diarrhea and 2 
children received treatment in ICU. The patient in case 
1 had right lower pulmonary atelectasis and required 
ICU treatment for 25 days, with ventilator assisted 
breathing for 7 days. The patient in case 7 remained in 
ICU for 8 days, with ventilator assisted breathing for 
5 days. Chest radiography showed 6 cases with pulmon- 
ary inflammation (one patient did not have a chest radi- 
ography test). Only one case (case 1) had complications, 
and the prognosis was positive; 4 children were discharged 
after 5-12 days of hospitalization whereas the other 3 chil- 
dren were improving after 8-33 days of hospitalization and 
subsequently recovered. 

Discussion 

This study confirms that HBoVI is frequently found in 
children with RTI. We conducted this study for nearly 4 
consecutive years, and samples were analyzed for 15 
respiratory viruses by PCR and viral culture. The HBoVI 
viral load was quantified by real-time fluorescence quan- 
titative PCR. The results suggest that HBoVI at a high 
viral load (>10 copies/mL) is not co-detected frequently 
with other respiratory viruses; there would be an associ- 
ation between HBoVI single detection at a high viral 
load and SRTI. 

This study investigated the role of HBoVI in RTI and 
found that 10.3% of the children with RTI were HBoVI 
positive in the NPAs. Multiple studies have confirmed 
the presence of HBoVI in respiratory tract samples of 
children world wide [7,21,22]. Some reports indicate that 
HBoVI infection is associated with acute respiratory 
tract symptoms and that a high HBoVI load (>10 7 cop- 
ies/mL) is associated with SRTI [14,23]. In this study, 
HBoVI low load was found significantly more frequently 
in children than was HBoVI with a high viral load. The 



Table 3 Comparison of demographic and clinical 
characteristics of patients hospitalized for HBoVI single 
infection on the basis of viral loads 

HBoVI load HBoVI load P 
<10 7 group >10 7 group value 





(N = 38) 


(N = 28) 




Gender (Male) 


22 (57.9) 


15 (53.6) 


0.727 


Age (months) 


1 1 (1-151) 


9.5 (1-33) 


0.846 


Duration of symptoms 
before admission (days) 


7 (1-90) 


9.5 (1-30) 


0.974 


Duration of hospitalization 
(days) 


7 (3-28) 


7 (3-33) 


0.642 


Pulse rate (/min) 


125 (85- 
168) 


124 (50-180) 


0.507 


Respiratory rate (/min) 


41 (25-58) 


45 (28-67) 


0.144 


White blood cell 
i u cens/mLj 


9.6 (4-23.2) 


1 2.6 (6.4- 
li.i) 


0.056 


Fever 


ZU [dZ.O) 


1 £ r^7 1 ~i 

ID p/ . I } 


U./ I 0 


Cough 


ia /on r\ 




U.DOD 


Dyspnea 


9 (23.7) 


1 2 (42.9) 


0.036 


Rhinorrhea 


8 (21.1) 


3 (10.7) 


0.331 


Diarrhea 


1 Z \ J 1 .0) 


y pz. i ) 


D Q^1 


Wheezing 


12 (31.6) 


1 7 (60.7) 


0.018 


Abnormality on chest 
radiograph 3 


30 (1 00) 


19 (95.0) 


0.400 


Severity 


2 (5.3) 


7 (25.0) 


0.003 


Upper respiratory tract infection 


1 (2.6) 


0(0) 


1.000 


Lower respiratory tract infection 








Pneumonia 


28 (73.7) 


1 8 (64.3) 


0.437 


Bronchiolitis 


3 (7.9) 


3 (10.7) 


0.693 


Bronchitis 


1 (2.6) 


3 (10.7) 


0.304 


Asthma 


5 (13.2) 


4 (14.3) 


1.000 


NOTE: Data presented as median (range) or frequency (percentage) of 
patients. a There were 30 patients who had a chest radiograph test in the 
HBoVI load <10 7 group, and there were 20 patients in the HBoVI load 
>10 7 group. Categorical variables were compared using the Chi-square test, 
and the continuous variables were compared using Student's f-test or the 



nonparametric Mann-Whitney U-test. 

cases of SRTI in the patients with HBoVI detection 
alone appeared to be particularly common among chil- 
dren with a high HBoVI load. The stratification of the 
patients on the basis of the HBoVI viral load >10 7 cop- 
ies/mL versus <10 copies/mL in NPAs revealed that the 
presence of HBoVI single detection at high (>10 7 cop- 
ies/mL) — but not at low (<10 7 copies/mL) — viral loads is 
associated with SRTI. Similarly, a case report described 
HBoV detection leading to SRTI [24]. Zhao found an as- 
sociation between disease severity and the HBoVI viral 
load in co-detection children [14]. Our study reported 
an association between the HBoVI high viral load and 
SRTI in single detection children. We confirmed HBoVI 
single detection at a high viral load in 7 children. Two of 
them received treatment in ICU, including ventilator 
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Table 4 Seven cases with human bocavirusl single infection at high viral load associated with severe respiratory tract 
infections 



HBoV1 viral load 
(copies/mL) 

Gender 

Age (months) 

Underlying disease 



Case 1 

3.8 X 10 11 

Female 
10 

With mild anemia 



Case 2 

7.9 X 1 0 8 

Male 
3 

No 



Case 3 

7.4 X 1 0 8 

Female 
9 

Born at 34 weeks 



Case 4 Case 5 Case 6 

2.5 X 10' 6.5 X 10 9 5.1 X 10 9 



Male 

22 
No 



Female 



Female 
9 



Born at Born at 35 weeks 
28 weeks With mild 



Case 7 

8.4 X 1 0 8 

Male 
12 

No 



Duration of symptoms 7 

before admission 

(days) 

Duration of 33 
hospitalization (days) 

Fever Yes 

Cough Yes 

Rhinorrhea No 

Wheezing Yes 

Dyspnea Yes 

Diarrhea No 

Weight on admission 6.0 
(kg) 

Body temperature (°C) 38.8 

Respiratory rate (/min) 30 

Pulse rate (/min) 124 

White blood cell (x10 9 10.3 
cells/mL) 

Neutrophil granulocyte 61 



12 

Yes 
Yes 
No 
No 
Yes 
Yes 
7.3 

37.7 
67 
180 
15.3 

26 



15 



No 
Yes 
Yes 
Yes 
Yes 
No 
6.0 

37.0 
58 
145 
20.6 

34 



No 
Yes 
No 
Yes 
Yes 
No 
11.0 

37.0 
32 
50 

14.3 

85 



Yes 
Yes 
Yes 
No 
Yes 
Yes 
9.0 

38.4 
50 
160 
12.7 



Yes 
Yes 
No 
Yes 
Yes 
Yes 
7.0 

37.4 
49 
145 
11.8 

32 



20 

Yes 
Yes 
Yes 
Yes 
Yes 
No 
8.0 

39.1 
62 
148 



68 



Hemoglobin (g/l) 

Lymphocyte % 

Platelets (10 9 /L) 

Chest radiograph 

Abnormality in blood 
culture 

Bacterium in sputum 
culture 

Entering the intensive 
care unit e 

Complication 



Final diagnosis 



9/ 
35 
354 
Yes a 
No 

E. coli bacteria 



Yes 

The right lower 
pulmonary 
atelectasis 

Severe 
pneumonia 

Recover 



107 
70 
420 
Yes b 
No 

Geleibai coli 
pneumonia 

No 

No 



Severe 
bronchiolitis 

Cure 



120 
61 
45/ 

Yes c 
No 

Streptococcus pneumoniae 
and Haemophilus 
influenzae 

No 
No 



Severe pneumonia 



125 
12 
352 

No 
No 

No 
No 

Severe 



120 
25 
273 
Yes b 
No 

No 

No 
No 

Severe 



6/ 



Yes 
No 



No 



No 



No 



Cure 



pneumonia pneumonia 
Cure Cure 



Severe 
pneumonia 
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Note: a Double lung inflammation, right lower pulmonary atelectasis; b Double lung texture fuzzy, with visible flocculent shadow and lung inflation is a bit 
excessive; c Double lung inflammation, light transmittance in left lung is higher than the right lung; d Double lung lesions, the consolidation of the right lung is 
obvious. The patient in case 1 received ICU treatment for 25 days and ventilator assisted breathing for 7 days. The patient in case 7 received ICU treatment for 
8 days and ventilator assisted breathing for 5 days. 
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assisted breathing. These cases demonstrate that a lower 
respiratory tract infection caused by HBoVl single de- 
tection at a high viral load could lead to a severe and 
life-threatening disease. 

In most of the previous studies, the co-detection rate 
ranged from 18-72% [25]. In this study, of the HBoVl 
positive samples, 48% were co-detected with other re- 
spiratory viruses (HBoVl-RV in 37 children, followed by 
HBoVl-ADV in 16 children and HBoVl-RSV in 13 
children). This result is consistent with more recent 
studies. Martin reported that 35.3% of HBoV cases were 
co-infected, and 83.3% of them were HBoV-RSV co- 
infection [7]. Another study reported that RSV and RV 
were most frequently detected in conjunction with HBoVl 
[26], and ADV and enterovirus were more common in chil- 
dren with HBoV [5] . We compared HBoVl single detection 
and co-detection, and the median level of HBoVl load was 
greater in the subjects with HBoVl infection alone than in 
the subjects with mixed respiratory viral infections. There 
were no differences in the clinical symptoms and severity. 
Co-detection with HBoVl did not increase the severity of 
RTI. High viral loads of HBoVl were noted predominantly 
in the absence of other viral agents, whereas co-detections 
were primarily found in low viral load cases. In severe 
cases, HBoVl single detection was more prevalent 
among the children with a high viral load than those 
with a low viral load. 

Recently, some studies reported that HBoV was likely 
to persist in respiratory samples of asymptomatic pa- 
tients [27,28]. Cashman also showed that HBoVl was 
found in stool samples of asymptomatic patients [29]. 
Allander suggested a model for HBoV infection in which 
high viral loads are potentially associated with respira- 
tory symptoms, and low viral loads indicate asymptom- 
atic shedding [3]. In our study, a portion of patients with 
HBoVl single detections at low viral load suffered from 
acute respiratory tract disease. What's more, Schildgen 
suggested that HBoV may indirectly contribute to the 
development of some colorectal and lung cancers or 
may play an active role in cancer by interacting with the 
host genome [30]. Thus, it is hard to make a conclusion 
that a portion of HBoV single detections with low copy 
number is always accompanied by a lack of symptoms. The 
role of HBoV is sometimes as a passenger and sometimes 
as a pathogen in acute respiratory tract disease. 

One of the limitations in this report is that this study 
included only hospitalized patients with RTI and was 
lack of a control group (individuals without respiratory 
symptoms). Secondly, we did not detect the HBoVl 
DNA load and culture HBoVl in the serum samples and 
serological analysis for IgM and IgG. The most reliable 
methods for diagnosis of acute symptomatic HBoV in- 
fections are PCR of serum samples and serological ana- 
lysis for IgM and IgG [31]. Christensen suggested that, 



for clinical purposes, HBoV mRNA is more accurate 
than HBoV DNA in diagnosing active HBoV infection; 
however, a high HBoV DNA load (>10 7 copies/mL) 
might be useful for the diagnosis [8]. 

Conclusion 

In conclusion, HBoVl is a prevalent virus commonly 
detected in hospitalized children with RTI especially in 
children below 2 years of age. During the study period, 
the high detection of HBoVl was predominantly in 
May-August and November-January. Of the HBoVl sin- 
gle detection cases, the high viral load group was more 
prevalent than the low viral load group among the chil- 
dren with dyspnea and wheezing. The disease severity in 
the high viral load group was greater than the severity of 
the low viral load group. The 7 cases reported here sug- 
gest that a lower respiratory tract infection caused by 
HBoVl single detection at a high viral load (>10 7 copies/ 
mL) could lead to severe and life-threatening disease. 
HBoVl could in some cases be a passenger in RTI, pri- 
marily in the low viral load group. HBoVl co-detection 
with other respiratory viruses did not increase the sever- 
ity of RTI. However, the role of HBoVl detection in 
SRTI merits further study. 

Abbreviations 

ADV: Adenovirus; CoV: Coronaviruses; HBoVl: Human bocavirusl; 
ICU: Intensive care unit; IVA: Influenza virus A; IVB: Influenza virus B; 
IVC: Influenza virus C; MPV: Metapneumovirus; NPAs: Nasopharyngeal 
aspirates; PCR: Polymerase chain reaction; PIV1-4: Parainfluenza virus 
types 1 -4; RSV: Respiratory syncytial virus; RTI: Respiratory tract infections; 
RV: Rhinovirus; SRTI: Severe respiratory tract infections. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

LZ contributed to the concept and design of the study, performed the 16 
respiratory virus detection procedures, analyzed and interpreted the data, 
and assisted in the critical writing. SZ and QX helped to perform virus 
isolation and quantify the HBoVl. XX, ZL, JL and LR contributed to the 
collection of clinical information. LW, WL and AH contributed to the concept 
and design of the study. EL contributed to the concept and design of the 
study and assisted in critical writing. All authors read and approved the final 
manuscript. 

Acknowledgments 

The authors acknowledge the assistance of the patients and their caregivers 
involved in the study, the staff of the Department of Respiratory Medicine 
of Children's Hospital of Chongqing, and the contributions of the State Key 
Laboratory on the Safety of Pathogenic Microorganisms of the Academy of 
Military Medical Science in Beijing, the Key Laboratory of Developmental Diseases 
in Childhood at Chongqing Medical University, and the Ministry of Education. 

Funding 

Grant sponsor: China Special Grant for the Prevention and Control of Infection 
Diseases. Grant number: [201 2zxl 000421 2] and [201 3ZX1 0004202-002], National 
Key Specialty [201 1]873. 

Author details 

'Ministry of Education Key Laboratory of Child Development and Disorders; 
Key Laboratory of Pediatrics in Chongqing, CSTC2009CA5002, Chongqing 
International Science and Technology Cooperation Center for Child 
Development and Disorders, Chongqing 400014, P. R. China, department of 



Zhou et al. BMC Infectious Diseases 2014, 14:424 Page 8 of 8 

http://www.biomedcentral.com/1471-2334/14/424 



Respiratory Medicine, Children's Hospital of Chongqing Medical University, 
Chongqing 400014, P. R. China. 3 Key Laboratory of Molecular Biology of 
Infectious Diseases, Ministry of Education, Chongqing Medical University, 
Chongqing, P. R. China. 4 State Key Laboratory of Pathogens and Biosecurity, 
Beijing Institute of Microbiology and Epidemiology, Beijing, P. R. China. 

Received: 9 May 2014 Accepted: 15 July 2014 
Published: 30 July 2014 



References 

1 . Guo L, Wang Y, Zhou H, Wu C, Song J, Li J, Paranhos-Baccala G, Vernet G, 
Wang J, Hung T: Differential seroprevalence of human bocavirus species 
1-4 in Beijing, China. PLoS One 2012, 7(6):e39644. 

2. Allander T: Human bocavirus. J Clin Virol 2008, 41(1)29-33. 

3. Allander T, Jartti T, Gupta S, Niesters HG, Lehtinen P, Osterback R, Vuorinen 
T, Waris M, Bjerkner A, Tiveljung-Lindell A, van den Hoogen BG, Hyypia T, 
Ruuskanen 0: Human bocavirus and acute wheezing in children. 

Clin Infect Dis 2007, 44(7):904-910. 

4. Jacques J, Moret H, Renois F, Leveque N, Motte J, Andreoletti L: Human 
bocavirus quantitative DNA detection in French children hospitalized for 
acute bronchiolitis. J Clin Virol 2008, 43(2):142-147. 

5. Christensen A, Nordbo SA, Krokstad S, Rognlien AG, Dollner H: Human 
bocavirus in children: mono-detection, high viral load and viraemia are 
associated with respiratory tract infection. J Clin Virol 2010, 49(3):1 58-162. 

6. Kim JS, Lim CS, Kim YK, Lee KN, Lee CK: Human bocavirus in patients with 
respiratory tract infection. Korean J Lab Med 201 1 , 31 (3):1 79-1 84. 

7. Martin ET, Fairchok MP, Kuypers J, Magaret A, Zerr DM, Wald A, Englund JA: 
Frequent and prolonged shedding of bocavirus in young children 
attending daycare. J Infect Dis 2010, 201(1 1):1 625-1 632. 

8. Christensen A, Dollner H, Skanke LH, Krokstad S, Moe N, Nordbo SA: 
Detection of spliced mRNAfrom human bocavirus 1 in clinical samples 
from children with respiratory tract infections. Emerg Infect Dis 2013, 
19(4):574-580. 

9. Suzuki A, Lupisan S, Furuse Y, Fuji N, Saito M, Tamaki R, Galang H, Sombrero 
L, Mondoy M, Aniceto R, Olveda R, Oshitani H: Respiratory viruses from 
hospitalized children with severe pneumonia in the Philippines. BMC Infect 
Dis 2012, 12:267. 

10. Pllger DA, Cantarelli W, Amantea SL, Leistner-Segal S: Detection of human 
bocavirus and human metapneumovirus by real-time PCR from patients 
with respiratory symptoms in Southern Brazil. Mem Inst Oswaldo Cruz 

2011, 106(1)56-60. 

1 1. Ghietto LM, Camara A, Camara J, Adamo MP: High frequency of human 
bocavirus 1 DNA in infants and adults with lower acute respiratory 
infection. J Med Microbiol 201 2, 61 (Pt 4):548-551 . 

12. Kaida A, Kubo H, Takakura K, Iritani N: Detection and quantitative analysis 
of human bocavirus associated with respiratory tract infection in Osaka 
City, Japan. Microbiol Immunol 2010, 54(5)276-281. 

1 3. Vicente D, Cilia G, Montes M, Perez-Yarza EG, Perez-Trallero E: Human bocavirus, 
a respiratory and enteric virus. Emerg Infect Dis 2007, 1 3(4):636-637. 

14. Zhao B, Yu X, Wang C, Teng Z, Shen J, Gao Y, Zhu Z, Wang J, Yuan Z, Wu F, 
Zhang X, Ghildyal R: High human bocavirus viral load is associated with 
disease severity in children under five years of age. PLoS One 2013, 
8(4):e62318. 

1 5. Xia Q, Zhou L, Peng C, Hao R, Ni K, Zang N, Ren L, Deng Y, Xle X, He L, 
Tian D, Wang L, Huang A, Zhao Y, Zhao X, Fu Z, Tu W, Liu E: Detection of 
respiratory syncytial virus fusion protein variants between 2009 and 
2012 in China. Arch Virol 2014, 1 59(5):1 089-1098. 

16. Coiras MT, Aguilar JC, Garcia ML, Casas I, Perez-Brena P: Simultaneous 
detection of fourteen respiratory viruses in clinical specimens by two 
multiplex reverse transcription nested-PCR assays. J Med Virol 2004, 
72(3):484-495. 

17. Coiras MT, Perez-Brena P, Garcia ML, Casas I: Simultaneous detection of 
influenza A, B, and C viruses, respiratory syncytial virus, and adenoviruses in 
clinical samples by multiplex reverse transcription nested-PCR assay. J Med 
Virol 2003, 69(0:132-144. 

18. Granados A, Luinstra K, Chong S, Goodall E, Banh L, Mubareka S, Smieja M, 
Mahony J: Use of an improved quantitative polymerase chain reaction 
assay to determine differences in human rhinovirus viral loads in 
different populations. Diagn Mia Infec Dis 2012, 74(4)384-387. 



19. Kantola K, Sadeghi M, Antikainen J, Kirveskari J, Delwart E, Hedman K, 
Soderlund-Venermo M: Real-time quantitative PCR detection of four 
human bocaviruses. J Clin Microbiol 2010, 48(1 1 ):4044-4050. 

20. Hao R, Ni K, Xia Q, Peng C, Deng Y, Zhao X, Fu Z, Liu W, Liu E: Correlation 
between nucleotide mutation and viral loads of human bocavirus 1 in 
hospitalized children with respiratory tract infection. J Gen Virol 2013, 
94(Pt5):l 079-1 085. 

21 . Nascimento-Carvalho CM, Cardoso MR, Meriluoto M, Kemppainen K, Kantola K, 
Ruuskanen 0, Hedman K, Soderlund-Venermo M: Human bocavirus infection 
diagnosed serologically among children admitted to hospital with 
community-acquired pneumonia in a tropical region. J Med Viro 2012, 
84(2)253-258. 

22. Koseki N, Teramoto S, Kaiho M, Gomi-Endo R, Yoshioka M, Takahashi Y, 
Nakayama T, Sawada H, Konno M, Ushijima H, Kikuta H, Ariga T, Ishiguro N: 
Detection of human bocaviruses 1 to 4 from nasopharyngeal swab 
samples collected from patients with respiratory tract infections. J Clin 
Microbiol 2012, 50(6)2118-2121. 

23. Deng Y, Gu X, Zhao X, Luo J, Luo Z, Wang L, Fu Z, Yang X, Liu E: High viral 
load of human bocavirus correlates with duration of wheezing in 
children with severe lower respiratory tract infection. PLoS One 2012, 7(3): 
e34353. 

24. Korner RW, Soderlund-Venermo M, van Koningsbruggen-Rietschel S, Kaiser 
R, Malecki M, Schildgen O: Severe human bocavirus infection, Germany. 
Emerg Infect Dis 201 1, 17(12)2303-2305. 

25. Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-Lindell A, Andersson 
B: Cloning of a human parvovirus by molecular screening of respiratory 
tract samples. Proc Natl Acad Sci USA 2005, 1 02(36)4 2891 -1 2896. 

26. Jin Y, Zhang RF, Xie ZP, Yan KL, Gao HC, Song JR, Yuan XH, Cheng WX, Hou 
YD, Duan ZJ: Newly identified respiratory viruses associated with acute 
lower respiratory tract infections in children in Lanzou, China, from 2006 
to 2009. Clin Microbiol Infect 2012, 18(1)74-80. 

27. Longtin J, Bastien M, Gilca R, Leblanc E, de Serres G, Bergeron MG, Boivin G: 
Human bocavirus infections in hospitalized children and adults. Emerg 
Infect Dis 2008, 14(2)217-221. 

28. Kapoor A, Hornig M, Asokan A, Williams B, Henriquez JA, Lipkin Wl: 
Bocavirus episome in infected human tissue contains non-identical 
termini. PLoS One 201 1, 6(6):e21362. 

29. Cashman O, O'Shea H: Detection of human bocaviruses 1, 2 and 3 in Irish 
children presenting with gastroenteritis. Arch Virol 2012, 157(9):1 767-1 773. 

30. Schildgen V, Malecki M, Tillmann RL, Brockmann M, Schildgen 0: The 
human bocavirus is associated with some lung and colorectal cancers 
and persists in solid tumors. PLoS One 2013, 8(6):e68020. 

31. Soderlund-Venermo M, Lahtinen A, Jartti T, Hedman L, Kemppainen K, 
Lehtinen P, Allander T, Ruuskanen O, Hedman K: Clinical assessment and 
improved diagnosis of bocavirus-induced wheezing in children, Finland. 
Emerg Infect Dis 2009, 1 5(9):1 423-1 430. 



doi:1 0.1 1 86/1 471 -2334-1 4-424 

Cite this article as: Zhou et at: Single detection of human bocavirus 1 
with a high viral load in severe respiratory tract infections in previously 
healthy children. BMC Infectious Diseases 2014 14:424. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



